Immunomodulatory effects of a single topical permethrin exposure, 5-day exposure to cis-urocanic acid (cUCA), or a combination of the two chemicals were evaluated in 4-to 5-week-old female C57BL/6N mice. Permethrin alone decreased thymic weight and cellularity. Although cUCA alone did not affect thymic end points, coexposure to topical permethrin and cUCA exacerbated the thymolytic effects of permethrin. The single topical dose of permethrin also depressed several immune responses in isolated splenic leukocytes. This included splenic T-cell proliferative response to mitogen, splenic macrophage hydrogen peroxide production, and splenic B lymphocyte-specific antibody production. Unlike the effect of coexposure to these agents on thymic end points, cUCA did not exacerbate permethrin's adverse effect on any of the splenic end points examined. These results appear to suggest divergent mechanisms by which these compounds affect precursor and functionally mature T cells. At the doses used in this study, permethrin caused neurotoxic effects, including lethality, in a portion of the mice. For undetermined reasons, cUCA significantly increased the rate of lethality caused by permethrin. Although the permethrin doses used in this study exceed that typically used in human medicine, these results raise some concerns about the possibility that sunlight, via cUCA, may increase the risk of adverse central nervous system and immune effects caused by permethrin alone.
mophore, urocanic acid (Baadsgaard et al. 1990; Giesele et al. 1994; Jeevan et al. 1995; Bacci, Nakamura, and Streilein 1996; El-Ghorr and Norval 1997; Hart et al. 1997) . Likewise, prolonged or acute exposure of mice to permethrin reduces thymic weight and cellularity, and inhibits the functional competency of immune cells in vivo and in vitro (Blaylock et al. 1995; Diel et al. 1998; Punareewattana et al. 2000 Punareewattana et al. , 2001 . Subacute topical exposure to permethrin in mice was recently also reported to cause persistent inhibition of splenic macrophage phagocytic activity and chemiluminescent responses (Punareewattana et al. 2001) . Similar subacute intradermal exposure of mice to the cis isomer of urocanic acid (cUCA) reduced thymic weight and cellularity , and a single exposure to intradermal cUCA inhibited splenic macrophage phagocytosis (Prater et al. in press) . Preliminary studies in our laboratory further demonstrate that even a single topical application of permethrin in mice results in decreased thymic and splenic weight and cellularity, and decreased antibody production by splenic B cells (Prater et al. in press) .
It is recognized that human beings are exposed simultaneously to many chemicals in their work and home environments (Feron, Cassee, and Groten 1998; Haddad and Krishman 1998; Groten 2000; Wilkinson et al. 2000; Conolly 2001; Groten, Feron, and Suhnel 2001) . Little is known, however, about the toxic interactions of multiple exposures on human health (Seed et al. 1995) . The Food Quality Protection Act of 1996 provided for evaluation of the cumulative effects of pesticides and other substances to establish whether there are common (i.e., synergistic or antagonistic) or divergent (additive) mechanisms of toxicity (Wilkerson et al. 2000; Feron, Cassee, and Groten 1998) by quantifying a hazard index, margin of exposure, and cumulative risk index based on in vivo toxicologic end points. Most such assessments that employ in vivo exposure in animal models have attempted to evaluate interactions of multiple toxicants by using a top-down approach (whole-mixture analysis) or a bottom-up approach (component-interaction analysis) (Yang et al. 1995) . With either approach, a limitation of these studies has often been that doses of one or more of the studied chemicals was by routes of exposure that were often divergent from human exposure (Haddad and Krishnan 1998) .
A realistic example of concerns centering around the effects of chemical mixtures was recently experienced in human subjects, following reports of a variety of neurologic, gastrointestinal, dermal, and musculoskeletal somatic signs in soldiers returning from the Persian Gulf War. In response to these complaints, there was considerable effort placed upon examination of the potential toxic effects of military-related pesticide mixtures on human health (Abou-Donia et al. 2001) . Conflicting reports arose, without firm consensus as to whether concurrent exposure to permethrin, N,N-diethyl-meta-toluamide (DEET), pyridostigmine, and other pesticides may result in additive, more than additive, or less than additive effects (Buchholz et al. 1997; Abou-Donia et al. 1996 Abu-Qare, Suliman, and Abou-Donia 2001; Ortiz et al. 1995; McCain et al. 1997; Hoy et al. 2000a Hoy et al. , 2000b . McCain and coworkers (1997) reported a synergistic, not additive, increased lethality of oral permethrin in rats when administered concurrently with pyridostigmine and DEET. These authors also reported increased lethality of permethrin in corn oil or propylene glycol vehicle, as compared to pure technical grade permethrin (LD 50 380 mg/kg versus 4 g/kg, respectively). Potential mechanisms include increased absorption or inhibition of liver and plasma esterase detoxification enzymes (Casida et al. 1983; Abou-Donia et al. 1996) . Interestingly, other authors reported increase in permethrin's lethality with concurrent exposure to parathion, but xylene vehicle had no influence on increased lethality, suggesting that enhanced absorption may not contribute significantly to increased permethrin toxicity with concurrent chemical exposure (Ortiz et al. 1995) . Other researchers examined the combined effects of permethrin, pyridostigmine, and DEET in combination, all at physiologically relevant doses, with similar (i.e., greater than additive) neurotoxic effects in rats (Abou-Donia et al. 2001) . And further, when dosed alone in rats, these physiologically relevant doses produced no effect, whereas these chemicals administered in combination caused significant alterations in neurotoxicity (Hoy et al. 2000a (Hoy et al. , 2000b . Clearly, further investigations are needed to clarify the toxic effects of chemical mixtures.
The similar spectrum of immunologic effects described in experimental animals subsequent to ultraviolet (UV) radiation or topical permethrin exposure has raised questions regarding increased risk of harmful immune system effects with combined exposure to these agents. Evaluating such effects is important, because individuals exposed to topical insecticides would be expected to often be coexposed in outdoor situations to UV radiation. Such insecticide and sunlight coexposure may be particularly important in children who have high surface area to body weight ratios (as compared to adults), and who receive relatively high doses of topical permethrin from permethrin-based shampoos to kill head lice or permethrin-based creams to kill scabies mites (Punareewattana et al. 2000) . The present report therefore evaluated established systemic immune targets of permethrin and cUCA in mice coexposed to these chemicals at levels exceeding a representative environmental exposure but consistent with previous immunotoxicity studies of these compounds.
MATERIALS AND METHODS

Mice
Four-to five-week-old female C57BL/6N mice were purchased from Charles River Laboratories (Portage, MI). Mice were acclimated 1 week and maintained under controlled conditions of temperature (22 • C ± 1 • C), humidity (40% to 60%), and light (12/12-hour light/dark cycle). Food and water were provided ad libitum. Mice in all experiments were humanely treated, in accordance with the guidelines of the Virginia Tech Institutional Animal Care and Use Committee (VT IACUC). All procedures were reviewed and approved by the VT IACUC prior to the experiments.
Permethrin and cis-Urocanic Acid Preparation and Treatment Protocols
Permethrin was provided by the US Army Center for Health Promotion and Preventive Medicine (Aberdeen Proving Ground, MD) from stock purchased immediately before by the Army from Coulston Industries (Coulston Products, Easton, PA). The permethrin was a 91.6% pure mixture of 57.7% trans and 42.3% cis permethrin, respectively. Mice were exposed to a single dose of 25 µl permethrin on the shaved interscapular skin, to mimic the most common route of human exposure (Snodgrass 1992) . Control groups received identical volumes of vegetable oil (vehicle) in the interscapular space, 48 hours prior to sacrifice. Mice were sacrificed by cervical dislocation 48 hours following dosing.
cUCA acid was prepared from trans-urocanic acid (Sigma, St. Louis, MO) and purified as previously described (Takahashi and Tezuka 1997) , and then evaluated for purity by mass spectroscopy prior to use. Treatment with cUCA consisted of five consecutive daily intradermal doses of either 100 µl phosphatebuffered saline (PBS) or 100 µg cUCA in PBS (equivalent to approximately 6.6 mg/kg) in the interscapular space of mice arbitrarily assigned to treatment or control groups. This exposure to cUCA was previously determined to be a suberythemic exposure, which has determined to be relevant to cUCA isomerization following a typical human UVB exposure (Prater et al. unpublished data) .
Organ Weights, Cell Preparation, and Cellularity
The thymus and spleen from each mouse were collected by dissection and placed, individually, into preweighed 60 × 15-mm culture dishes (Fisher Scientific, Norcross, GA). Wet organ weights were immediately obtained using an Ohaus analytical scale (TS 120S, Florham Park, NJ). Eight milliliter cold incomplete culture medium (RPMI-1640, Fisher) were added to Petri dishes with organs, after which thymocytes and splenic cells were gently dissociated into the culture medium using a 60-µm wire sieve screen (Sigma) and curved forceps. Suspended cells were washed twice in incomplete culture medium, resuspended in 2 ml culture medium, and counted using a Scharfe CASY-1 electronic cell counter (Scharfe System, GmbH, Germany). The accuracy of the cell counter was verified in each experiment by counting two to three samples on a hemocytometer using Natt Herrick's vital stain.
Proliferation of Splenocytes and Thymocytes
Splenocytes and thymocytes from mice treated with topical permethrin, intradermal cUCA, or both of these agents were aseptically isolated and dissociated 48 hours after treatment, as described above. Following resuspension in complete medium (RPMI-1640 incomplete medium supplemented with 25 mM Hepes buffer and L-glutamine [Media Tech, Herndon, VA]; 10% fetal bovine serum [Atlanta Biologicals, Atlanta, GA]; 100× nonessential amino acids [ICN, Costa Mesa, CA]; 5000 IU/ml penicillin [ICN] ; and 5000 µg/ml streptomycin [ICN]), 100-µl aliquots (5 × 10 5 cells) were added to triplicate wells containing the T-cell mitogen concanavalin A (ConA) at an optimal concentration of 1.0 µg/well. Blastogenesis of splenocytes and thymocytes was quantified in the presence and absence of ConA using the colorimetric/fluorometric assay originally described by Ahmed, Gogal, and Walsh (1994) and Gogal, Ahmed, and Larsen (1997) . Briefly, after 24 hours of culture for splenocytes or 48 hours of culture for thymocytes at 37 • C and 5% CO 2 , 20 µl of Alamar blue dye (Accumed International, Westlake, OH) were added to each well of the plate and plates were returned to the incubator. The dye, when added, is in an oxidized (blue color) form that is reduced (red color) as the cells proliferate. After 72 hours of culture, the absorbance at 570 nm and 600 nm was measured with a kinetic microplate reader (Molecular Devices, Menlo Park, CA). The 570-nm absorbance measures the reduced form and the 600-nm absorbance measures the oxidized form. Because there is some degree of overlap between the two absorbances, it is necessary to subtract the 600-nm absorbance from the 570-nm absorbance to obtain the specific absorbance, which reflects the specific level of proliferation. The specific absorbance of unstimulated cells (in medium alone) was compared to the specific absorbance of cells incubated with the mitogens, and was expressed as percent of PBS-treated controls.
Splenic Macrophage Phagocytosis
Splenocytes were dissociated and suspended as above in culture medium. Erythrocytes were removed from splenocyte cell suspensions in ACK lysing solution (0.015 M NH 4 Cl, 1.0 mM NaHCO 3 , 0.1 mM EDTA) for 5 minutes at room temperature. Cells were washed twice in culture medium, resuspended in 2 ml standard buffer (Hank's balanced salt solution, HBSS, Fisher), and counted electronically as described above. The phagocytic capacity of splenic macrophages was determined by a modification of the method of Dunn and Tyrer (1981) . Briefly, 10 µl of PBS-washed and disaggregated (Ultrasonic Cell Disrupter, 30 s at 35%, Misonix, Farmingdale, NY) Fluoresbrite micro-spheres (1.16 µm; Polysciences, Warrington, PA) were added to 5 × 10 5 splenic cells/well to result in approximately 50 microspheres/cell per well. Following coincubation of microspheres and splenic leukocyte suspensions at 37 • C and 5% CO 2 for 18 hours, cells were washed twice and resuspended in PBS prior to flow cytometric analysis. For each sample, 5000 events were collected and the number of cells ingesting fluorescent particles was expressed as a percentage of 5000, as previously described (Hart et al. 1997) .
Chemiluminescence Response in Splenic Macrophages
The production of hydrogen peroxide in phorbol-12-myristate 13-acetate (PMA)-stimulated splenic macrophages was determined by the method of Bass et al. (1983) . Briefly, splenic cell suspensions that were prepared as above and diluted to 5 × 10 5 cells in complete culture medium were incubated with 5 µl of 5 mM dichlorofluorescein-diacetate (DCF-DA; Molecular Probes, Eugene, OR) for 15 minutes at 37 • C, 5% CO 2 . Following incubation with DCF-DA, cells were stimulated by the addition of 10 µl of 100 ng/ml PMA (Sigma) in a subsequent 30-minute incubation period at 37 • C. Cells were then placed on ice to stop the reaction and immediately analyzed by flow cytometry. Background fluorescence, determined using unstained cells from each treatment group, was subtracted from respective populations incubated with the fluorescent probe.
B-Lymphocyte Antibody Production: Plaque-Forming Cell Assay
The plaque-forming cell (PFC) assay was used to quantify the ability of splenic lymphocytes to mount an antibody-mediated immune response to the T-dependent antigen, sheep red blood cells (sRBCs) (Roitt and Delves 1991) . Four days prior to sacrifice, mice received by intraperitoneal injection 0.5 ml 10% sRBCs in PBS. Four days after sRBC administration, mice were euthanized and spleens were isolated and dissociated as described above. After two washings, splenocytes were counted and suspended to a concentration of 2 × 10 7 cells/ml in RPMI. Agar was prepared from 500 mg agar dissolved in 110 ml HBSS, with pH adjusted to 7.3, and 1.6 ml DEAE-dextran solution obtained from a stock of 150 mg DEAE-dextran dissolved in 5 ml saline. Agar was kept in a 47 • C water bath, and 0.8 ml was used per sample, into which the following was added: 30 µl 30% sRBCs, 100 µl splenic cell suspension, and 20 µl guinea pig complement (Sigma). This solution was mixed and poured into a 35 × 10-mm Petri dish top, and immediately the lower part of the same dish was placed on top of the agar to ensure even and thin spreading of the agar. Samples were performed in duplicate, and the solidified plates were incubated (37 • C, 5% CO 2 ) for a minimum of 4 hours. Lysed red cells appeared as foci of clearing in the agar. These areas of clearing (plaques) indicated the location of splenocytes that were producing immunoglobulin M (IgM) against the foreign red cell antigens. The plaques were enumerated microscopically with a low magnification light microscope and expressed as a ratio of number of IgM-producing splenocytes per 1000 splenocytes as an indicator of the animal's ability to respond to foreign antigen with an antibody-mediated immune response.
Statistical Analysis
Data were expressed as arithmetic mean ± SEM. A two-way analysis of variance was completed to determine interactive effects of permethrin and cUCA, with a simple, arbitrary sampling structure. A randomized complete block design was used for error control. Tukey's posthoc t test was used to establish significant differences in treatment groups. Groups demonstrating no statistical significance are represented with the same letter (e.g., a, b, or c), whereas groups demonstrating statistical significance at p < .05 are represented with different letters of the alphabet.
RESULTS
Thymic and Splenic Weight and Cellularity
Five consecutive days of exposure to 100 µg intradermal (ID) cUCA resulted in no effect on thymic weight or cellularity ( Figure 1A, B) . A single administration of 25 µl topical permethrin resulted in decreased thymic weight. Mice treated with both cUCA and permethrin displayed a significant drop in thymic weight and cellularity, as compared to either chemical alone. Splenic weight and cellularity were not affected by permethrin, cUCA, or a combination of these treatments (Figure 2A, B) .
Splenocyte and Thymocyte Proliferation
In repeated experiments, cUCA caused a modest numeric increase in splenocyte T-cell proliferation that approached but never attained significance, whereas permethrin or cUCA + permethrin caused a dramatic and approximately equal drop in 72-hour splenocyte blastogenesis ( Figure 3A) . Thymocyte proliferation was not affected by permethrin, cUCA, or a combination of these treatments ( Figure 3B ).
Splenocyte Functional Assays Splenic Macrophage Phagocytosis
There was no change in splenic macrophage phagocytic ability in mice exposed to cUCA, permethrin, or cUCA + permethrin (data not shown).
Chemiluminescence Response in Splenic Macrophages
Administration of ID cUCA for 5 consecutive days produced no change in splenic macrophage ability to produce hydrogen peroxide (chemiluminescence assay). A single exposure to permethrin or permethrin + cUCA resulted in marginal but significant diminished splenic macrophage chemiluminescence (Figure 4) .
B-Lymphocyte Antibody Production: Plaque-Forming Cell Assay
Exposure to ID cUCA for 5 consecutive days did not alter the number of antibody-producing splenic B cells (PFC assay).
FIGURE 1
Within any one graph, bars that display different letters are significantly different, p ≤ 0.05. (A) Effect of cUCA and permethrin on thymic weight. Results represent a dose-related decrease in thymic weight at 48 hours following permethrin ( p = .012) or permethrin + cUCA exposure ( p = .005). Each measurement is the mean ± SEM (n = 5 per treatment group).
Two-way ANOVA demonstrates an interactive effect of the two chemicals ( p = .006). (B) Effect of cUCA and permethrin on thymic cellularity. Results represent a dose-related decrease in thymic cellularity with combined exposure to permethrin and cUCA. Each measurement is the mean ± SEM (n = 5 per treatment group). Two-way ANOVA demonstrates an interactive effect of the two chemicals ( p = .013).
A single exposure to topical permethrin or permethrin + cUCA resulted in profound and approximately equal diminishment in the ability of splenocytes to mount an IgM response against xenogeneic (sheep) red cell surface antigens ( Figure 5 ).
Acute Toxicity in Mice Exposed to Permethrin and cUCA
No signs of overt toxicity were observed in any experimental mice dosed with 100 µg cUCA. Mice dosed with permethrin also typically showed no adverse effects from the topical chemical exposure. For unknown reasons, in some but not all
FIGURE 2
Within any one graph, bars that display different letters are significantly different, p ≤ 0.05. (A) Effect of cUCA and permethrin on splenic weight. Results represent no alteration in splenic weight following exposure to cUCA or permethrin alone or in combination. Each measurement is the mean ± SEM (n = 5 per treatment group). (B) Effect of cUCA and permethrin on splenic cellularity. Results represent no alteration in splenic cellularity following exposure to cUCA or permethrin alone or in combination. Each measurement is the mean ± SEM (n = 5 per treatment group). experiments, a low number (i.e., fewer than 10%) of permethrinexposed mouse would show signs of central nervous system (CNS) toxicity, e.g., tremors, ataxia. The first few such mice observed did not recover but died within hours of the development of ataxia. Therefore, in subsequent experiments, any mouse showing signs of CNS toxicity was immediately removed and euthanized. Lowering the dose of topical permethrin from 25 µl to 15 µl did not greatly change the outcome of having an occasional ataxic mouse. An unexpected observation from these experiments was that coexposure to cUCA caused a significant increase in the number of permethrin-treated mice that displayed CNS effects ( Figure 6 ). These data have been substantiated in a separate laboratory that is conducting similar studies in mice (Blaylock, personal communication) .
FIGURE 3
Within any one graph, bars that display different letters are significantly different, p ≤ 0.05. (A) Effect of cUCA and permethrin on splenocyte proliferation. Results represent markedly diminished splenocyte proliferation following exposure to permethrin alone ( p = .001) or in combination with cUCA ( p = .001). Each measurement is the mean ± SEM (n = 5 per treatment group). (B) Effect of cUCA and permethrin on thymocyte proliferation. Results represent no change in thymocyte proliferation following exposure to permethrin or cUCA either alone or in combination. Each measurement is the mean ± SEM (n = 5 per treatment group).
DISCUSSION
Sunlight exposure has been shown to inhibit cutaneous and systemic immunity, resulting in increased risk of infectious and neoplastic disease. This effect is thought to be mediated by an isomerization of the endogenous cutaneous chromophore, urocanic acid (Baadsgaard et al. 1990; Giesele et al. 1994; Jeevan FIGURE 4 Within any one graph, bars that display different letters are significantly different, p ≤ 0.05. Effect of cUCA and permethrin on splenic leukocyte chemiluminescence. Results represent decreased ability of splenic leukocyte H 2 O 2 production following single exposure to permethrin ( p = .005), or permethrin + cUCA in combination ( p = .04). Each measurement is the mean ± SEM (n = 5 per treatment group). Bacci, Nakamura, and Streilein 1996; El-Ghorr and Norval 1997; Hart et al. 1997 ). Likewise, prolonged or acute exposure to permethrin depressed the functional competency of immune cells in vivo and in vitro (Blaylock et al. 1995; Diel et al. 1998; Punareewattana et al. 2000 Punareewattana et al. , 2001 Prater et al. in press) . These data raised questions about adverse immune effects that
FIGURE 5
Within any one graph, bars that display different letters are significantly different, p ≤ 0.05. Effect of cUCA and permethrin on splenic B-lymphocyte antibody production (PFC assay). Results represent decreased splenocyte antibody production following exposure to permethrin ( p = .0001) or permethrin and cUCA in combination ( p = .0001). Each measurement is the mean ± SEM (n = 5 per treatment group).
FIGURE 6
Within any one graph, bars that display different letters are significantly different, p ≤ 0.05. Effect of cUCA and permethrin on neurotoxic deaths. Results represent increased incidence of neurotoxic deaths following exposure to 15 µl permethrin ( p = .0001), 25 µl permethrin ( p = .001), or cUCA + permethrin at 15 or 25 µl, respectively ( p = .0001, p = .001). Each measurement is the mean ± SEM (n = 5 per treatment group).
may be associated with coexposure to sunlight and permethrin, as may occur in individuals using topical insecticide and working outdoors. Subacute intradermal dosing with cUCA, e.g., 5 days per week for 3 consecutive weeks, caused significant reduction in thymic weight in C3H-HeN (El-Ghorr and Norval 1997) and C57BL/6N mice (Prater et al. in press) . However, no reduction in thymic weight or cellularity was observed in the present mice dosed with cUCA for 1 week. The single topical exposure to permethrin caused a limited but significant depression of thymic weight, paralleled by a near significant ( p = .09) decrease in thymic cellularity. These data support previous observations in which subacute topical permethrin caused a severe reduction in thymic organ weight and cellularity (Punareewattana et al. 2000) . Although cUCA alone did not affect thymic weight or cellularity in the present mice, coexposure to topical permethrin and cUCA appeared to significantly exacerbate the thymolytic effects of permethrin alone.
A single topical exposure to permethrin also depressed several immune responses in leukocytes isolated from the spleen. This included a decrease in the proliferative response of splenic T cells to mitogen, a decrease in the ability of spleen macrophages to produce hydrogen peroxide, and a decreased ability of splenic B lymphocytes to produce specific antibody against sRBCs. In each case, these observations agree with previous reports in which subacute topical permethrin diminished the same immune responses in the mouse spleen (Punareewattana et al. 2001) . Unlike the effect of coexposure to these agents on thymic end points, cUCA did not exacerbate the adverse effect of permethrin on any splenic end point examined. These results may suggest different mechanisms by which these compounds affect precursor T cells (thymocytes) in the thymus, as compared to functionally mature T cells or other immune cell targets present in the spleen. The pyrethroid deltamethrin is structurally similar to permethrin and was reported to cause increased thymocyte apoptosis (Enan et al. 1996) . It is not known if enhanced apoptosis may contribute to the thymic hypocellularity induced by permethrin, or if so, how coexposure to cUCA may alter this effect. Further, limited information is available regarding mechanisms by which prolonged exposure to cUCA causes thymic atrophy. These areas represent gaps in the current database that need to be investigated to better understand immunotoxic risk that may be associated with pyrethroid insecticide and sunlight coexposure.
The effects of cUCA and permethrin on cutaneous immunity have been investigated, and suggest that this arm of the immune system may be particularly sensitive to both of these agents. In particular, contact hypersensitivity has been shown to suffer severe and persistent inhibition with exposure to cUCA (Hart et al. 1997) or permethrin (Punareewattana et al. 2000) . It remains largely unknown if such inhibition is the result of altered immune cell trafficking, impaired antigen presentation, or other mechanisms. The present studies did not evaluate skin immune responses, including contact hypersensitivity, in mice coexposed to cUCA and permethrin; however, recent studies suggest that such may be warranted. There is also growing evidence that pyrethroid exposure may be related to allergiclike phenomena, including asthma and possibly anaphylaxis (Flannigan et al. 1985; Fuortes 1999) . Recent reports further suggest that UV radiation may result in cutaneous immune aberration by shifting the Th1/Th2 balance (El-Ghorr et al. 1995) . These reports suggest future studies that examine hyperimmune end points (allergy, autoimmunity) may also be warranted.
Finally, permethrin is a well-characterized neurotoxicant that has been widely used because of its combination of selective efficacy as an insecticide and minimal described adverse effects in mammals. The observation that permethrin caused neurotoxicity in some of the present mice is not novel; however, the finding that a chromophore induced by UV radiation (cUCA) increased the lethality of permethrin, apparently by increasing its neurotoxic effects, is new and potentially important information. These data are clearly preliminary but may suggest that concurrent sunlight exposure combined with relatively high doses of topical permethrin may increase risk of adverse effects in the nervous and immune systems.
